Seeds of Phaseolus vulgaris L. cv Seminole in late maturation phase germinated precociously in vitro. Germination occurred in the absence of free water after 5 days but within 24 to 48 hours in contact with water. Excised axes germinated within 12 hours and embryos by 48 hours only if supplied with water. Ethylene accelerated the germination of seeds and embryos irrespective of water availability. There was no effect of ethylene on the rate of axis germination. Ethylene was equally effective within the range 0.5 to 1000 parts per million and 1 hour exposure was fully effective. Induction of precocious germination in vivo was observed by manipulating water content inside pods or by ethylene injection, whether pods were attached to the parent plant or not.
ABA has assumed a central role in our understanding of transition to dormancy when axis growth becomes limited during seed maturation (3, 4, 7, 8, 11, 12, 16, 19, 20) . In legumes, cotyledon expansion and reserve accumulation continue after axis growth ceases (19) and embryo ABA levels rise to a maximum in early and mid-development before declining to low levels prior to seed desiccation (in refs. 1, 2, 4, 6, 7, 9-11, 14, 15, 17, 18, and 21; prior to 1980, reviewed in 20) . In Phaseolus (13) and Glycine (6) , at least, the inhibitor is present in both cotyledons and axes. In Phaseolus vulgaris (10, 13, 14) and in other seeds, its presence is inversely linked to the onset of precocious germination in excised seeds. Thus, the lag phase to the resumption of axis growth in vitro correlates positively to the levels of ABA in the tissues at the time of excision.
Axes excised from P. vulgaris seeds in late maturation (just prior to the onset of desiccation) germinate readily. The presence of the cotyledons slows the onset of axis growth, and this has been attributed to the influence of ABA from the cotyledons (13) . If ABA is the only regulatory factor then three considerations need to be addressed. The reported concentrations of ABA are at a minimum prior to seed drying (13, 14, 18, 20 ing agent had no effect on the lag times reported in Table I , no (0) access to water. The arrow indicates the result of supplying suggesting excess endogenous ethylene was not involved (rewater to the latter treatment. Values are means of 20 axes isolated sult not shown). A triggering action for ethylene was suggested from seeds of 40 DAA.
by results which showed that varying the time of exposure to the gas between 1 h and 24 h gave similar rates ofgermination. added. Axes were weighed at regular intervals. Criteria for germination were axis elongation (axes and embryos) and radicle emergence (embryo and seeds).
RESULTS Precocious Growth of Isolated Axes
Axes excised from late maturation stage seeds immediately resumed growth if supplied with water. No growth occurred in conditions where humidity was high but free water was not available. Axes could be maintained for many days in this state and resumed growth on later wetting (Fig. 1 ). Under these conditions it appears that the sole requirement for growth is water because, when this is limiting by other means, the rate of growth can be manipulated. Thus appropriate concentrations of mannitol either allowed growth or suppressed it (Fig. 2) . This was particularly evident after incubation periods beyond 2 h. Axis growth was inhibited above 0.6 M mannitol. At lower osmoticum concentration, fresh weight increases eventually culminated in visible germination. When axes were removed from growth-inhibiting concentrations of mannitol and incubated in water, growth resumed immediately (result not shown). 
Precocious Germination in Vivo
The results presented suggest water as the major factor limiting continued axis growth in the embryos of later maturation stages of isolated Phaseolus vulgaris seeds. A test of this hypothesis would be the demonstration of precocious germination in vivo by treatments which had proved effective for isolated seeds. Injection of water into pods (2-4 mL) whether detached from the parent plant or not, led to germination of the seeds. Specific requirements for this were enclosure of pods in plastic bags, maintenance of a constant temperature of the plants or pods, and a regular course of water injections to ensure adequate water. As long as these were met, seeds germinated within 2 d and whether the funiclepod connection was intact or not. These results suggest a lack of influence of endogenous factors from pod or plant on this anomalous germination.
A single injection of ethylene (100 ppm) through the pod wall resulted in rapid in vivo germination without either the specific requirements noted above or the supply of water. This occurred for pods maturing on the plant and in detached pods incubated as previously described (5).
quency of cell division and expansion. A low water potential is nevertheless generated in the axis (Sussex, Figure 4 in ref. 19 ) and this might be expected to favour growth. The specific role suggested for ABA is to prevent germination by its growth inhibitory property while allowing reserve accumulation (also 'growth') to continue. Despite these suggestions there appears to have been little progress on understanding these basic physiological controls, although the issue continues to be the subject of investigation.
The question pursued here is what maintains the developmental arrest of the axis and prevents vivipary. To this end factors which accelerate precocious germination have been investigated with the view to understanding the processes they act on. These processes are suppressed in normal development and may be different from those involved in natural germination following seed desiccation. Two interpretations best fit the experimental observations reported here.
Interpretation 1. Water Relations
Here it is assumed ABA plays little or no controlling role in these detached structures. A prerequisite for precocious germination is a supply of water to the axis. Experiments described here identify the various sources the axis may draw on. In detached seeds water may be mobilized from the testa. In the absence of free water this is slow. The provision of water and the consequent rapid rate of germination resembles natural germination after desiccation. In embryos incubated under humid conditions where net water loss does not occur, no germination ensues. Ethylene, however, appears to disrupt A relationship between ABA and water relations has been advanced to explain the phenomenon of cessation of axis growth, while accumulation of reserves continues (19) . Walbot points out the difficulties of defining the trigger for developmental arrest, and notes that during maturation, as the embryo approaches developmental arrest, growth is primarily by accumulation of dry weight with only a low freIncubation (h) Figure 3 . Fresh weight changes of axes isolated from seeds 40 DAA and incubated in the presence or absence of ethylene. Values are means of 10 axes. The gas concentrations shown were present for the initial 6 h only. The ethylene-absorbing agent purafil was present (2 g) in some treatments. Incubation conditions gave access to free water (see "Materials and Methods").
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Because ethylene has no effect on axis growth the target cells for its action appear to be those of the cotyledons. A fundamental role for ethylene in controlling water relations is thus suggested but the precise mechanism of this remains the subject for further study.
Prevention stages, even of a few days when seed coats are gray in color and traces of green remain in the pericarp, do not show the response to ethylene. This indicates late maturation is a distinct state where the ABA control may be minimal. The pod injection phenomenon, of water and of ethylene, is also confined to the latest phase before desiccation and here all structures are intact. Maternal ABA supply would be expected to be maintained even if leaching occurred, and the leached ABA would remain in the pod. Last, the argument that the absence ofgermination of isolated embryos maintained in the high humidity treatment is due to inability of the cotyledons to act as a water supply to the axis is questionable. Such cotyledons rapidly develop callus and show substantial organogenesis when maintained in identical conditions after wounding. This observation (our unpublished results) is not consistent with the presence of growth-controlling levels of ABA or inability of the cotyledons to act as a water source.
It is possible that the importance of ABA has been exaggerated as a major factor in late maturation phase of seed development at least in P. vulgaris. If ABA is to have a role, it seems more likely to be one of controlling water relations as suggested by Walbot ( 19) than of acting more directly as a growth inhibitor in the traditional sense of a 'dormin factor' maintaining dormancy by control of gene expression.
